Road alignment design is an important determinant of the development cost of road networks.
Introduction
Roads have crucial effects on development, and hence road construction is an important endeavor in all, particularly in the developing, countries. One important aspect of road construction is the specification of its alignment within a real environment. The alignment is then given to the highway designers to fine-tune the horizontal and vertical curves, bridges, tunnels and other fixtures. When we connect two points in a three dimensional space together by a highway, the benefit of this investment is basically accrued and known, and it remains to make this connection such that to minimize the total cost (of construction, maintenance, and operation).
The costs related to a highway may constitute the road users" costs (travel time, vehicle operating cost and accident cost), the operator"s costs (road construction, maintenance and operation) and the environmental costs (natural land development and adverse environmental effects including the non-users" costs). It may be expected that these costs affect the demand for road use, and therefore the road benefit.
There are many constraints in the roadway alignment and construction, which may be classified as (a) technical constraints (maximum slopes, curve radii, safe distances, etc.), (b) resource constraints(budget, equipment and materials), (c) environmental constraints (ecological, green-land, wet-land, sensitive areas, etc.), (d) archaeological constraints, (e) technological constraints (in building bridges, tunnels, etc.), (f) standards on adverse effects of road use impacts (noise pollution, visual intrusions, ground vibration, etc.) on human beings and activities, and last but not least (g) adverse effects on neighborhood and land-use integrity.
In this paper, we deal with the following problem: We have a terrain with known topography and geographical, as well as man-made features (lakes, wet-lands, forests, historical buildings, archaeological remains, monuments, preserved areas, etc.). There are two points in the region that are intended to be connected by a new road. The problem is to find the alignment of this road in the study region, such that it is feasible with respect to the constraints, and optimizes the costs ( Brg C and Tnl C ), (e) road maintenance costs () M C , and (f) user-related costs () U C . The total cost for the alignment () T C may be considered to be the sum of these costs: Note that different cost components tend to influence the road alignment differently. While the costs of cut and fill encourage indirect road alignment options, the costs of pavement, users" travel times and vehicle fuel tend to encourage shorter and more direct routes. Some cost components are yearly, some depend on user demand rate (per year), and some are once in road life-time which may be converted to yearly costs by suitable conversion factors, using an appropriate minimum attractive rate of return (see, e.g., Jha et al. [55] ).
Despite the fact that many components of the objectives of highway alignment design may be measured by monetary units, some of the works in this area view the problem as multi-objective.
Yang et al. [49] present one such procedure in which they separate sensitive area impacts from the costs of the agency building the road.
The problem constraints
There are considerable constraints on road alignments, which include the minimum radii of horizontal curves, maximum grades, minimum sight distance and maximum positive grade length. Some constraints may define the allowable maneuvering area for the alignment. Table 2 presents the model of this study in terms of its objective function and constraints. This table, also, shows details of the computational expressions employed to solve the problem. Table   3 defines the notations used in this model. The road alignment problem in this study is a constrained shortest path problem in a 3-D environment, with the following peculiarities: (a) In the road alignment problem the nodes and links are free in
 
,, x y z -space, while they are fixed and given in the shortest path problem. (b) The link (or node) costs are given in the latter problem, while we need to decide link types, and compute link costs, in the former problem. (c)
Last, but not least, road alignment problem has constraints in traversing links, while there is no constraint (like maximum grade) in ordinary shortest path problem. Table 2 . around here. Table 3 . around here. 6 It is worth nothing here that some researchers have also considered geometrical design constraints (such as vertical/horizontal curve design) into the road alignment problems (see, for example, Jha et al. [55] ). The authors of this paper believe that such minor considerations are not warranted to be included in the road alignment search, and should be considered as a next step activity for the final/chosen alignment. There are several reasons for this assertion: (a) Road alignment search is a strategic decision compared to the detail geometric design features of the problem. As an analogy in the jargon of the network design problem, it is as if we mix major highway decisions (to build/not to build them) with operational projects (one-way/two-way decisions of streets). The objectives, constraints, decision flexibility, sources of funds, etc. of strategic and tactical decisions are substantially different, and do not mix well/at all. This is why the subject is referred to as highway alignment or routing (that is finding the general direction), and not highway design (that involves details such as tangent-spiral-circular combination design, super-elevation, horizontal and vertical sight distance, etc.). (b) Inclusion of such operational/tactical details would unnecessarily add to the computational complexities of the problem, particularly that the available information and data at the strategic levels do not support such actions as highlighted next. (c) The precision of the information and data at strategic and detail designs are different. At road alignment level that deals with roads of several hundred kilometers, we require information accuracy, say, at 30m level in planar   , xy coordinates, and 10m level in (contour line) elevation, z, while such degrees of precision should be, say, in 1.0m and 0.1m, respectively for detail designs such as horizontal/vertical curve or maximum grade length. Finally, (d) there is no point to detail design a vast population of such routes within metaheuristic procedures, and then throw them away. After all, one of the merits of meta-heuristic procedures compared to, for example, more rigorous and computationally involved gradientbased methods, is that the former procedures abandon higher computation for finding a "good" solution per iteration with higher number of solutions that are found and evaluated swiftly in an iteration.
The solution procedures
The procedures employed in the literature for the solution of the road alignment problem include numerical methods and meta-heuristic algorithms. The latter form the majority of the procedures employed in the solution of the problem, basically in the form of Genetic Algorithm, 7 as Table 1 shows. It may be noted in the development of these procedures that researchers are still in search of methods to fulfill the following objectives: (a) Define it in an appropriate manner, for example, single level single objective (the most prevalent form of the problem formulation) single level multi-objective (as mentioned below), or bilevel programming problem [46] . (b) Solve it effectively (higher alignment quality in lower computation time). And, (c) equip the solution procedure (path finder) with the necessary tools and apparatus to help the designers and construction companies to be responsive to the ever mounting demand on the design and environmental sides of the problem, particularly in this era of high resource and environmental consciousness.
Examples of the above-mentioned tools for solution procedure enhancement include the following: (i) using complementary concepts such as Pareto optimality in multi-objective analysis of the problem [47, 49] or sustainable development [47] ; (ii) employing additional techniques to improve computational speed or alignment quality in Genetic Algorithms [1, 48] , devising new hybrid search techniques [53, 54] , or new Mixed Integer Programming procedures to upgrade computational precision in earthworks [28, 29] ; (iii) embedding complementary information systems, such as GIS, in the solution procedure [4, 20, 36, 38, 51] and (iv) incorporating important decisions for the choice of intersections, bridges and tunnels into the alignment design [37, 41] . Recent advances in this area add the vehicular fuel consumption and safety aspects to the alignment design [56] .
One important draw-back of the existing path finding algorithms is the rigidity of the procedures in adapting road alignments to the terrain at fixed points along the line joining the two ends of the road (see, for example, Jha et al. [55] ). The proposed procedure in this paper is flexible in this sense. It is able to maneuver around obstacles, land features, etc. by adding as many breaking points as are required to pass smoothly through them. The designed test problems evaluate the maneuvering capabilities of the proposed algorithm.
One research direction in the field of highway alignment design is to devise/discover methods to arrive at quality solutions effectively. This aspect of the solution methods will gain high importance soon in the light of the additional inertia that will be imposed on the methods by the features mentioned above. Proof of ingenuity of the procedures in arriving at quality solutions needs some test problems which are able to assert it. Such set of test problems could serve as a basis for alternative method comparisons, which the authors found to be very limited in the 8 literature, particularly on a common basis. (See, for example, Shaw and Howard [6] , and Cheng and Jiang [57] , in this respect.). The suggested test problems may form a platform for comparing future algorithmic developments, and provide bench marks for different algorithmic performances.
The Proposed Solution Procedure
The procedure employed to solve the road alignment problem has a meta-heuristic nature. To comply with the nature of such a procedure, we run it only over feasible solutions (routes). To do this, we check constraints (such as maximum grade) for each candidate (newly found) alignment, and add a large cost (M) to the objective function of infeasible routes. Table 2 shows the transformed problem in this respect. Note that, in practice, we need not to bear the cost of objective function computations for infeasible alignments, as it is set equal to a large number, M.
The procedure used in this study to solve the 3-D road alignment problem is an
Electromagnetism-like meta-heuristic Algorithm (EA). This algorithm, which has been introduced by Birbil and Fang [58] , is notably different from other meta-heuristic algorithms as follows: They are not only the local and global elites that influence others (like Particle Swarm Algorithm [59] ), but so do all the particles. Moreover, particles not only exert attraction forces upon other particles, they repel other particles, as well. While in algorithms like Ant System good solutions" elements are strengthened by pheromone addition, and the other elements weakened by pheromone evaporation (a size n operations), in EA we have a size  nn operations of getting closer to all good elements, and getting away from the inferior ones, proportional to the attraction/repulsion forces exerted upon them. In the former algorithm, all effective (ineffective) alternatives are treated alike, while in EA alternatives are given merits (demerits) proportional to their attraction (repulsive) forces. The EA is more suitable for continuous variable unconstrained optimization, and our 3-D alignment problem may be defined in such an environment. The following review of EA provides us the justification to use and prefer an adaptation of this algorithm over the other meta-heuristics.
The application of Electromagnetism-like algorithm has found its way into many areas of science and engineering. Examples include medical data classification and prediction of diabetes mellitus [60] , sensor distribution strategy to increase the coverage area of wireless Sensor
Network after random distribution of sensors [61] , machine-cell formation and layout problem in 9 cellular manufacturing system in which parts with different characteristics and needs are assigned to the cells of distinctively divided machines [62] , optimization of tool path planning in 5-axis CNC machining to reduce the geometrical deviations of the ruled surfaces [63] , scheduling the flow shop problem [64] and computing numerical solutions to the inverse kinematic problem of robotic manipulator [65] .
Moreover, EA has found applications in operations research problems, as well. Recent examples include Traveling Salesman Problem with time windows [66] , Vehicle Routing
Problem with Delivery Time Cost [67] , Capacitated Vehicle Routing Problem [68] , uncapacitated Multiple p-Hub Median Problem [69] . Recent applications in transportation problems also include Location and Transportation Planning in Supply Chain Problem [70] .
It is also interesting to note that Electromagnetism-like algorithm has been found effective to solve system design problems in hybrid forms with other heuristic algorithm [62, 64] ; and metaheuristic algorithms such as Particle Swarm Optimization, PSO, [71] , Simulated Annealing, SA, [64, 67] ; as well as with conventional optimization methods [65] and in improved formats of EA algorithm [60, 68] .
What that promotes further the use of EA in our problem is the encouragement that is inspired by the higher performance of EA compared to the other counterparts as reported in the literature.
In the recent studies of the following authors, Electromagnetism-like algorithm has been found to be (in their words) superior to the common state-of-the-art methods [60] , preferable to (Particle Swarm Optimization (PSO) and Artificial Bee Colony (ABC) [61] , and significantly better than Genetic Algorithm (GA) [62] . EA is reported, also, to outperform Simulated Annealing (SA) and many well-recognized constructive heuristics as well as to yield more effective solutions than PSO [64] . Moreover, the following statements have been reported in some other studies regarding the EA: It generates feasible and near-optimal results within shorter computational times compared to the test algorithms, including Beam-ACO (Ant Colony Optimization),
Compressed Annealing (CA), specifically designed heuristics, and Dynamic Programming [66] .
Furthermore, Yurtkuran and Emel [68] found EA gives promising results within acceptable computational times when compared to other novel meta-heuristics such as Tabu Search (TS), SA, GA, ACO, and PSO. Also, according to Kratica [69] , EA shows excellent performance (Compared to GA) by reaching all previously known optimal solutions on the instances studied 10 in a reasonable time, and had advantages over the compared meta-heuristics on large-scale
instances.
In what follow, we present an overview of the Electromagnetism-like Algorithm within the context of our problem. Highway alignment determination in a 3-D space by the proposed algorithm is done in four macro-steps, as shown in Figure 1 . In Step 0, the problem space is introduced to the procedure, by defining the topography of the region, the two end points of the route, the objective function of the problem and the constraints that should be observed when constructing the route. The forbidden area constraints have been introduced to the program by specifying extremely high land acquisition cost for the right-of-way of the road in the forbidden region. Figure 1 . around here.
Step 1 of the macro-procedure is devoted to the generation of a set of random road alignments between the two end-points, which together cover the region fairly well. In
Step 2, an adaptation of the algorithm of Birbil and Fang [58] is applied to improve the current road alignments, to form a better set of alternative alignments. This algorithm is comprised of two search routines, which perform global and local searches. In the global search, by using Coulomb"s Law, the algorithm exerts the equivalent electrostatic forces on the particles (points along alignments), and changes the positions of the breaking points of the alignments, making new road alignments. In the local search, the algorithm changes the breaking points of the alignments randomly, with the hope of finding alignments with better values of the objective function.
Our initial experiments with this algorithm have shown that increasing the global search iterations beyond a certain number does not change the better alignment found, and it is only the local search which reduces the objective function further. On the other hand, a great deal of computation time is spent to generate alignments with higher number of breaking points, and for computation of the total cost of the new alignments. Thus, to increase the speed of the algorithm in concluding the final result, and avoid excessive ineffective searches, Step 3 of the algorithm only conducts local searches around the better alignment found in Step 2, without any global search. In the proposed algorithm, the initial alignments are built only with two breaking points.
Steps 2 and 3 may increase these breaking points to form better alignments. The algorithm may also save computation time by holding the breaking points constant, and move between consecutive steps. 
The Proposed Algorithm
In this section, we propose the Electromagnetism-like meta-heuristic Algorithm for the solution of the 3-D highway alignment design problem. Further descriptions of the original algorithm may be found in Birbil and Fang [58] . We present a pseudo-code of the algorithm, first, to bring the whole picture to the sight, and then present the detailed version of the algorithm.
Pseudo-code of the Proposed Algorithm
A pseudo-code of the proposed Electromagnetism-like meta-heuristic Algorithm for the solution of the 3-D alignment problem, based on Figure 1 , is as follows:
0. Preparation. Specify the inputs of the problem.
1. Initial Alignments. Produce a pre-specified number of two-breaking-points alignments. 
Endo 3.
Report Best Alignment Design Specifications.
Detailed Description of the Proposed Algorithm
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The algorithm is described below. [The statements with smaller font size are complementary
statements.]
Step 0. Specifications of the problem. Step 1. Specification of the initial highway alignments.
[Each specific alignment i of the road, The above four parameters are determined as follows:
Step 2 
and thus the resulting force: as the best route, and Stop.□
Calibration of the Proposed Algorithm
To calibrate the algorithm for an efficient and effective use, the model parameters are 
In other words, . This terrain is shown in Figure 4 , both in 3-D form and in contour lines. Table 4 presents the unit costs for this purpose, and the specifications of the alignment. To use the model, we have to calibrate it first for better performance. Since there is little experience and data, if any, in this regard, we will resort to a heuristic procedure as follows, with the hope that we will perform better than the un-calibrated model by choosing the better performing values for the parameters. We note that at worst we will work with an "inefficient" algorithm. We start with specifying the value of the most important parameter, and vary the value of that parameter of the model within a reasonable range. To reduce the effect of the noncalibrated parameters on the calibration of another parameter, we vary the value of the parameter of concern within its range, while keeping the other parameters at their average (mid-range) value, or the best value found. Note that use of the average (mid-range) value of a variable with This order is a perceived order of importance, and the ranges are deemed reasonable, based on the information in the literature or perception. The calibration procedure pursued in this study is as follows: Table 4 . around here.
Step 1.Specification of  : The parameter  relates to global search, and hence its value will be sought in two cases. First, we omit Step 3 (of the local search), and set LSIter (the maximum number of the local search iterations) equal to 1. (This would reduce the effect of the local search on the results to a minimum.) Next, we add Step 3 to examine the joint effect of the local and global searches on the results. In all runs, the initial alignments are kept the same. Figure 5 shows that
is the better value in both cases, but the case with the local search step further reduces the minimum objective function. Hence, we take into account these two dimensions by constructing five sets of initial alignments, and for each set we run the program for 20 times. Then, the average (and, to some degree, the best) value of the objective function will indicate the most suitable parameter values, as described below.
To specify  , we set Table 5 summarizes the calibration procedure for the algorithm and presents the results. Table 5 . around here.
The Performance of the Algorithm
In what follows, we apply the proposed algorithm in the solution of several specifically designed problems, to show its performance. We choose the English System of measurements (instead of the Metric System) because of the data at hand. Most unit costs are borrowed from Jha et al. [55] . The program is coded in Matlab R2011b, and run on a laptop computer with Intel Core 2 Duo 2.80 GHz CPU and 4.00 GB RAM.
Example 1. The shortest arrival distance
Let us find the shortest path between the two points with the coordinates (800, 800, 200) and (2000, 2000, 300) . The objective function is the distance between these two points, and there is no constraint on the shortest path alignment. Figure 7 shows the 20 initial alignments and the (final discovered) shortest path. The shortest path between these two points has a length of 1700.0 ft , and it is also evident from this figure that none of the initial alignments is close to the shortest alignment. The results of 10 runs to solve the problem presented the shortest alignment lengths and the respective CPU times for finding them, as given in Table 6 . The figures in this table indicate good precision and solution speed for this problem. 
Example 2. The forbidden area problem
The forbidden areas are places that passage of the road alignments through them are not allowed. They include forests, ponds, wet areas and other reserved areas that have environmental, archaeological or similar importance. In this example, we construct an example terrain of 2100×1400 2 ft which include a body of water, as shown in Figure 8(a) . In Examples 2 through 6, we use the unit costs of Table 4 , and road maintenance cost of about 10% of the road construction cost. The road end points have coordinates (600, 1300) and (2000, 300) on the horizontal plane. Table 7 presents the results of 10 different runs to solve this problem, and the best alignment is shown in Figure 8 (b). It shows how the algorithm finds the best alignments to bypass the forbidden area between the two end points of the road. Table 7 . around here.
6.1.Example 3. Flat area with several obstructions
The terrain in this example is more difficult to handle than that in Example 2, and the route has to wind through the area (Figure 9(a) ). The two end points of the road have the horizontal plane coordinates of (200, 1350) and (1900, 50). We do not allow building tunnels in constructing this route, so that it has to wind around the obstructions. The terrain in this example is of the same size as in Example 2, but with different features in the topography. The results of 10 runs are presented in Table 8 , and the best alignment is shown in Figure 9 (b). This figure shows the capability of the algorithm to bypass the mountains. Moreover, the reader notes in Figure 9 (b) that the algorithm is able to move backward to find a better alignment. Figure 9 . around here. Table 8 . around here.
Example 4. Bridge Construction
Bridges and tunnels may trade-off capital cost with road length-related costs: higher construction costs with shorter roads. In Examples 4 through 6, the terrains are built rugged to promote the construction of road with such facilities. Figure 10 (a and b) is a terrain with a deep 22 valley, and either of the two end points is located on either side of the valley, with coordinates on the horizontal plane as (100, 400) and (1350, 300), so that the alignment between them needs to cross the valley axis line. We assume a bridge unit construction cost of 5000 $/ft (within certain specifications, regarding bridge length, valley depth, etc.). Table 9 presents the results of 10 runs of the algorithm for either case of when bridge construction is/is not possible. This table shows that in the case where bridge construction is possible, not only the total construction cost reduces, but so does the CPU computation time. The latter happens due to the relation between the computation efforts and the length of the alignment that reduces because of the bridge construction. Figure 10 (c and d) shows the best alignment of each of the two cases under considerations. It is interesting to compare the components of the total costs in the two cases, as shown in Table 10 . The extra cost of the bridge construction is more than off-set by the reduction of all other cost components. Figure 10 . around here. Table 9 . around here. Table 10 . around here.
Example 5. Tunnel Construction
Constructions of roads in mountainous terrains often require construction of tunnels. Figure   11 (a and b) is a terrain designed for the purpose of this example, in which a high mountain obstructs the straight line alignment between the two end points of the route. The coordinates of these two points on the horizontal plane are assumed to be (200, 700) and (1800, 800). We assume a tunnel unit construction cost of 3000 $/ft . Table 11 shows the results of 10 runs of the algorithm for two cases with/without tunnel construction. Once again, this table shows that the case with tunnel construction, as compared with the case of its alternative under considerations, reduces both the total construction cost, as well as the cpu computation times, for the same reasons mentioned before for bridge construction in Example 4. Figure 11(c and d) show the best alignment of each case under considerations. Component-wise comparison of the total costs of 23 the two alignments in Table 12 indicates that the extra cost of tunnel construction is more than off-set by the reduction of all other cost components. Figure 11 . around here. Table 11 . around here. Table 12 . around here.
Example 6. A More General Terrain
In this example, a more general terrain is made to show the performance of the proposed algorithm when more than one feature are present on the straight line alignment between its two end points. The end points are assumed to be at the coordinates (200, 2700) and (4200, 2500) on the horizontal plane. The terrain consists of a dam (a body of water that may not be crossed), and a rugged area (Figure 12(a and b) ), so that the alignment is better served by bridges and tunnels than not. In this example, we assume the bridge and tunnel unit construction costs to be 5000 $/ft and 8000 $/ft , respectively. Table 13 shows the results of 10 runs of the algorithm for the solution of this problem. Figure 12(c) shows the best alignment among the 10 runs. It shows the use of the bridge on the deep valley, and two tunnels to overcome the two high mountains on its sides. Figure 12 . around here. Table 13 . around here.
Example 7. Solution of an existing problem
In this example, the performance of the proposed algorithm in this study will be shown on a test problem given by Jha et al. [55] . The terrain of the problem is shown in Figure 4 . The unit costs, and the alignment specifications, used in this comparison, are as given in Table 4, respectively. To have the results closer to the respective ones, given by Jha et al. [55] , we ignore the maintenance cost in the cost computation, but consider the accident costs equivalent to 10% of the total cost of the alignment (according to the information given by Jha et al. [55] ). Table 14 shows the results of three (×10) runs of the proposed electromagnetism-like algorithm. This table shows that in all of the three separate experiments, the proposed electromagnetism-like algorithm finds alignments whose mean construction costs (for the 10 runs) are very similar to each other. 24 The best alignment among the three alignments is shown in Figure 13 . It also shows how the increase in the number of the breaking points in our alignment design would affect the capability of the proposed algorithm in providing a more flexible alignment to fit the topography of the terrain. Table 14 also includes the values of the objective function for the 10 runs of the algorithm presented in Jha et al. [55] . It is to be noted that, although the objective functions of the two studies are basically the same, their alignment specifications (constraints) differ in some respects (for example, in building the horizontal and vertical curves). This is why; we lose ground for the comparisons of the two algorithms. (In passing, it is worth noting in Table 14 that our three trials result higher standard deviations for the objective function values of the 10 solutions found in the different runs, than that of Jha et al. [55] . This is because the algorithm of this study, unlike to that of Jha et al. [55] , does not constrain itself in the 3D space when searching for better alignments.) Figure 13 . around here. 
Summary and Conclusions
This paper presents an adaptation of Electromagnetism-like algorithm to solve the threedimensional route alignment design between two points. The review of the literature in this area reveals that after a break-through progress from the two-dimensional alignment design algorithms to the three-dimensional ones, there is a potential for enhancing the quality of the 3-D alignment design, and embedding capabilities for deciding different trade-offs between various cost components. More specifically, such trade-offs exist between road structural elements, like bridges and tunnels, and all other road length-related costs, like earthworks (cuts and fills) and user travel times. 25 For this purpose, an Electromagnetism-like algorithm [58] has been adapted to solve the 3-D alignment design problem. Seven examples have been devised to test the performance of the algorithm, in different aspects of the algorithmic capabilities, design and speed of solving the problem. The application of the algorithm on these examples showed satisfactory results.
The contributions of this study to the field are as follows: (1) Introduction and adaptation of an efficient algorithm to solve the 3-D alignment problem, which can (i) consider the real world cost components, (ii) trade-off between cost components by comparing more conventional wavy or zigzag routes with more modern structures to build more straight alignments, and (iii) observe the constraints in the alignment design, such as the maximum slopes and reserved/forbidden areas. (2) Implementation of the concept of breaking point mechanism within the algorithm, which grants the algorithm the necessary flexibility to bypass obstructions more smoothly.
It is not possible to compare our algorithm with the existing algorithms because of the differences in the objective functions as well as the constraints of the problems under study. Table 15 presents the specification of this study with those of a prominent algorithm in 3D highway alignment problem. As are evident in this table, we think that maintenance cost is an important cost component to be considered, and maximal allowable horizontal and vertical curvatures are detail design-level, and not highway alignment-design-level, considerations. Such differences prevent easy comparisons of the performances of different algorithms. We hope that with the information provided in this study about the 7 test Examples, there will be a common platform for such comparisons in the future. This will obviate the awkward and unnecessary task of the repeated computer coding of other involved procedures for comparison purposes in order to convince the independent observers of the merits of the new algorithms. Table 15 . around here.
Further study in this area may pay more attention to linking such algorithms with Geographical Information Systems, and its application to cases where sufficient efforts have been made to arrive at final alignments, which may serve for validation purposes. 
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